Inactivation of Tobacco Rattle Virus by EDTA, and the Role of Divalent Metal Ions in the Stability of the Virus
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SUMMARY
Treatment of purified preparations of tobacco rattle virus with 2 mM-EDTA decreased their infectivity, and that of RNA extracted from them, by about 9 ° %. The effect of EDTA was apparently to remove divalent metal ions from the virus particles, making the RNA inside accessible to attack by a ribonuclease present in the preparations. Provided the enzyme activity was inhibited while the ions were absent, they could be put back with full restoration of full stability of infectivity.
In the original separations by Harrison & Nixon (I959) of long and short particles of tobacco rattle virus (TRV) by sedimentation in phosphate-buffered sucrose gradients, little or no infectivity was lost. More recently, however, we have regularly included 2 mM-EDTA in such gradients because this gave more clearly defined virus zones. When these fractions were used to inoculate tobacco protoplasts it became obvious that the infectivity of the virus particles had been impaired during the separation (Kubo et al. i975; Harrison et al. I976) . These observations suggested that divalent metal ions might be required for full infectivity of TRV particles. This paper describes an investigation of the effect of EDTA on infectivity and the role of divalent metal ions in TRV particles.
The CAM strain ofTRV (R/1:2"4/5 + o'7/5 :E/E :S/Ne) was purified as described by Cooper & Mayo (1972) and stored at 4 °C as a concentrated suspension in o'ox7 M-phosphate buffer, pH 7"3, containing o.oz% sodium azide. EDTA treatment was done by diluting virus to about 5o #g/ml in o.o 17 M-phosphate buffer, pH 7"3, containing z mM-EDTA, and re-concentrating the virus by ultracentrifugation; the control treatment was similar but omitted EDTA. Treatment with EDTA decreased the infectivity of the virus by about 9o % (Table I, Expt. A and C), but did not alter the appearance of the virus particles in the electron microscope or the distribution of their lengths. Subsequent treatment of EDTA-treated virus by dilution with a mixture of CaC12, MgSO4 and MnC12, each at 2 mM, followed by re-concentration, did not restore the infectivity (Table I, Expt. A).
Treatment of TRV particles with mixtures of 2 mM-EDTA, and CaCI2 at concentrations of 2 mM tO 20 mM, decreased infectivity even more than EDTA treatment alone (Table I , Expt. B). However, electron microscopy of such preparations revealed that most virus particles were broken after this treatment. The breaks were apparently not random because the lengths of the treated particles were distributed as two rather broad peaks with modes at about 25 and I65 nm, compared with modal lengths of 5o and 2o0 nm for untreated virus. This breakage suggested that the action of mixtures of EDTA and Ca ~+ was quite different from that of EDTA alone. Furthermore, treatment with EDTA dissolved in water thoroughly de-ionized with Biodeminrolit (BDH Chemicals Ltd., Poole) still decreased virus infectivity by 9o%, implying that the inactivation was not dependent on the adventitious presence of traces of Ca 2+.
RNA extracted with phenol from EDTA-treated TRV particles produced I35 lesions in 8 leaves of Chenopodium amarantieolor when it was inoculated at i #g/ml, whereas RNA * Complete reaction mixture contained o.t mg TRV and 25oo ct/min aH-RNA in o'5 ml o.2 M-tris-HCl buffer, pH 7"5, or vanadyl-guanosine complex. After incubation for 3o min at 37 °C, the reaction was stopped by adding I mg yeast RNA and an equal volume of cold lO% (w/v) TCA. The supernatant fluid after low-speed centrifugation was mixed with lo ml NE26o scintillator (Nuclear Enterprises Ltd., Edinburgh) and counted. from control virus produced I252 lesions at the same concentration. Electrophoresis of these RNA samples in 2"5% (w/v) polyacrylamide gels (Cooper & Mayo, 1972 ) showed that the RNA from EDTA-treated virus was heterogeneous in size, although the most prominent species had approximately the same mobilities as the two RNA species found in the control preparations. It seems, therefore, that inactivation of TRV by EDTA involves scission of the virus RNA, presumably by some ribonuclease-like activity. Pre-treatment of all solutions, except the concentrated stock virus suspension, with I0 mM-diethyl pyrocarbonate, a potent nuclease inactivator (Ehrenberg, Fedorcsak & Solymosy, I976), did not prevent the reduction of TRV infectivity by EDTA. Thus, if a nucleolytic enzyme is involved, it must originate in the virus preparation itself. Such an activity was indeed detected in TRV preparations by measuring the liberation of acid-soluble radioactivity from tobacco protoplast RNA labelled with 3H-uridine ( Table 2) . As shown in the table, the reaction was not affected by the presence of 2 mM-EDTA, but was inhibited by 4 mMCaClz.
Short communications
If, as is suggested by the foregoing results, the effect of EDTA on TRV is to make the RNA in the virus accessible to a ribonuclease activity already present, a suitable ribonuclease inhibitor should prevent the inactivation by EDTA. When the complex prepared with z mM-guanosine and o'2 mM-vanadyl sulphate as described by Lienhard et al. (I97I) and Gray (1974) was used in place of the buffer in the ribonuclease assay, partial inhibition of the virus-associated enzyme activity was observed (Table 2) . Despite this apparent persistence of some ribonucleolytic activity, the use of the vanadyl-guanosine complex in place of the usual phosphate buffer during both the EDTA treatment and subsequent assay of TRV completely prevented any inactivating effect of EDTA (Table ~, Expt. C). However if the complex was present only during the EDTA treatment but was replaced by phosphate buffer after the virus was reconcentrated, inactivation occurred. We interpret this as showing that the complex does not prevent EDTA from making the RNA in the virus accessible to the enzyme, and that once the inhibitor is removed, enzymatic cleavage of the RNA can take place.
Provided the virus was protected from nuclease action by the vanadyl-guanosine complex during EDTA treatment, subsequent treatment with salts of divalent metal ions rendered the virus infectivity stable even after removal of the complex. Table ~, Expt. D shows that Ca 2+, Mg z+ or Mn 2+ ions all had this stabilizing effect. Na + ions or distilled water on the other hand had no effect. These experiments suggest that the inactivating effect of EDTA on TRV consists in the removal of divalent metal ions allowing a ribonuclease-like enzyme to attack the virus RNA, but that so long as the activity of the enzyme is inhibited while these ions are absent, they can be put back with recovery of full stability of infectivity. The role of these ions, which it seems is not specific to a particular divalent metal, is probably a structural one required to maintain the full protective efficiency of the protein coat. The effect of magnesium ions on the morphology of henbane mosaic virus and some other potyviruses (Govier & Woods, ~97I) provides a precedent for the involvement of divalent metal ions in the coat structure of viruses with helical symmetry.
However, we cannot rule out the possibility that the role of the divalent ions is simply to inhibit the ribonuclease activity. This seems unlikely because EDTA does not enhance the activity of the enzyme on a free RNA substrate, but this mechanism is difficult to eliminate entirely.
It is not dear why ~o% of the virus infectivity survives EDTA treatment. A similar level of survival was found with southern bean mosaic virus (Wells & Sisler, 1969; Hsu, Sehgal & Pickett, I976) although in this instance RNA from EDTA-treated virus particles was as infective as that from control virus. However, EDTA treatment did render particles of southern bean mosaic virus sensitive to attack by ribonuclease, as it appears also to do with TRV.
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